The authors investigated the recurrence risk of congenital anomalies as a function of changes in genetic and environmental factors in single births following the birth of a child with an anomaly. The study is a populationbased historical follow-up using the Danish Medical Birth registry, hospital discharge diagnoses, and Statistic Denmark's Fertility Database. The investigators identified 8,671 women who gave birth to a child with a diagnosed malformation between 1980 and 1992 and had a subsequent birth. Following the birth of an affected infant, 474 (5.5%) women gave birth to another child with a malformation, 155 of which (1.8%) were similar to the malformation of the older sib or half sib. When the father changed between the two births, the risk of a similar anomaly was significantly reduced (odds ratio (OR) = 0.26, 95% confidence interval (Cl) 0.11, 0.65). Higher social status at enrollment was associated with a lower recurrence risk (OR = 0.67, 95% Cl 0.45, 0.99, for the middle status group and OR = 0.49, 95% Cl 0.30, 0.81, for the highest status group), independently of partner change. A rise in social status between the two births was marginally associated with a decline in the recurrence risk. No variation in the recurrence risk associated with change of municipality or occupation was seen. Am J
Prevalence of congenital anomalies at birth ranges from 2 percent to 6 percent (1-4), depending on definition and diagnostic expertise. Several anomalies with genetic background and many environmental risk factors have been identified (1, (5) (6) (7) (8) (9) (10) , but the majority of congenital anomalies remain of unknown etiology (1, 5, 6) . Most anomalies probably have both genetic and environmental causes (1, (3) (4) (5) (6) 11) , as suggested by twin studies (12, 13) . For many anomalies, the recurrence risk of a similar malformation in sibs (14) (15) (16) (17) (18) , as well as that in offspring of affected individuals (19) , is relatively high compared with the population frequency, which points toward genetic factors and/or time stable environmental exposures (12) .
In 1994, Lie et al. (15) found a strong decline in recurrence of anomalies in the offspring of couples who changed municipality between the birth of an affected child and the next birth. This finding was, however, not corroborated in a study on cleft lip and palate (16) . If such a strong effect of changing municipality was confirmed, it would have major impact in the causal thinking about congenital anomalies. The aim of this study was to investigate the recurrence of similar and dissimilar anomalies in younger sibs of infants with congenital anomalies in mothers who changed male partner, municipality, occupation, and/or social status between the two pregnancies. Because moving from rural to urban areas may result in a differential probability of diagnosing a malformation at birth (16, 20) , we considered all malformations diagnosed up to one year of age, controlling for the degree of specialization of the hospital in which the birth took place.
MATERIALS AND METHODS

Data
We used the birth records of all children registered with a congenital malformation within the first year of age between 1980 and 1992 and those of their siblings, extracted from the Medical Birth Registry at the National Board of Health, which has maintained computerized records of all births in Denmark since 1973. Diagnoses of congenital anomalies were mainly obtained from the National Patient Registry (NPR), which has recorded all discharge diagnoses in nonpsychiatric hospitals since 1977. A Malformation Registry was active between 1983 and 1994 and had more detailed diagnoses from hospitals and general practitioners, but with a low degree of ascertainment. Infants with congenital anomalies were identified through both sources, after having excluded hip dislocation, which is very prone to misclassification. We had incomplete information on induced abortions, because these were reported only if a congenital malformation was diagnosed or if they followed an amniocentesis.
The identification number, unique for all residents in Denmark, was used to linV each record with information on the father of the infant and the occupation of both parents, based on the Fertility Database located at Statistics Denmark, the National Bureau of Statistics. This database covers the entire Danish population of fertile age, regardless whether they have children, and any child with at least one parent among these women and men, provided they have a permanent address in Denmark. It links information from several databases in order to obtain the best possible registered data on family composition and other sociodemographic variables (21) .
Social status was categorized into low, middle, and high social class, according to the job held on January 1 of the year of birth by the partner with the highest social status within the couple. The original recording consisted of a 10-point classification used by Statistics Denmark. The highest social status member of the couple determined the social status at each birth and, for non-cohabiting mothers, her social status was used. In the low social class, the following categories were included: unemployed, retired, unskilled manual workers and unspecified and unknown job levels. In the middle category were office workers, students, skilled manual workers, and those who worked with their spouse. Finally, in the high category were all high ranking office workers, managers, self-employed office workers, and small enterprise or shop owners.
The specialization level of the hospital was reduced to three levels on the basis of the initial 6-point classification provided by the National Board of Health. High level included large hospitals with both an obstetric and a pediatric department; medium level included hospitals with either a pediatric or an obstetric ward; and low level included hospitals with neither a pediatric nor an obstetric department. Both social status and hospital level assignment was done blinded to congenital malformation status.
Change of municipality was defined as having changed municipality of residency between the two births. In an additional analysis, we classified couples according to whether they had moved to or from a highly urbanized area, defined as the four major cities in Denmark, which account for approximately 20 percent of the nation's inhabitants (5,250,000 inhabitants in 275 municipalities), and the largest and more specialized hospitals are located in these cities.
Identification of the cohorts
Multiple deliveries were excluded from the study, because they may have a different background risk of congenital anomalies (12) . Stillborns were included, because anomalies are routinely registered in the hospital record.
We identified 9,928 newboms diagnosed with an anomaly followed by another pregnancy. Of these newborns, 35 (0.4 percent) ended in induced abortions, 1,222 (12.3 percent) in miscarriages, and 8,671 (87.3 percent) in births. The case cohort thus consisted of 8,671 pairs of sibs, where the oldest (index birth) was affected, and the risk of anomalies was studied in the following infant (outcome birth).
From a 5 percent random sample of all women who had two or more pregnancies, we identified with analogous criteria 10,778 mothers whose index child was born without a malformation and who had a subsequent birth in the study period. In this group, seven pregnancies (0.06 percent) ended as induced abortions, 1,136 (10.5 percent) as miscarriages, and 9,635 (89.4 percent) as births. This latter group constituted the reference cohort We had to work on a sample of all women, because it is National Board of Health policy not to provide data for research on all persons in the population.
Identification and classification of congenital malformations
All malformations were recorded during a 1-year follow-up after birth excluding uncertain diagnoses. All diagnoses were kept in the form of the first three digits of the International Classification of Diseases, 8th Revision (ICD-8) code (codes 740 to 759). The occurrence of a similar anomaly was studied according to two alternative definitions.
Definition 1. The index child had one malformation and the next child had the same malformation not accompanied by others, or both sibs had multiple anomalies, regardless of the diagnoses.
Definition 2. A recurrence was any instance in which the same ICD-8 3-digit code was reported for both infants, regardless of the number of diagnoses recorded.
Results in the tables are reported according to Definition 1, because we focused on infants rather than malformations, but we also give the main results for Definition 2.
Statistical analysis
We estimated for each category the risk of a similar or a different anomaly in the case cohort. The risk of a different anomaly was estimated conditionally on not having had an infant with an anomaly similar to the one in the index infant. Because no good estimate of the prevalence of congenital anomalies in Denmark (22) is available for the time period of interest, we estimated the odds ratio of recurrence by comparing the observed number of occurrences in each category for the outcome child with the number of occurrences of that anomaly in the whole random sample of the population (singletons, born from mothers with two or more pregnancies in the study period, i.e., n = 25,638 births). In this population, 880 children (3.4 percent) were diagnosed with malformations. Fisher exact 95 percent confidence intervals of the odds ratios were estimated using the PEPI computer program (23) . The risk of a dissimilar anomaly was obtained by computing the risk for any other malformation except the one which occurred in the index child and comparing it with the risk of any malformation in the general population, excluding that of the index child. The overall odds ratios and 95 percent confidence intervals for similar and dissimilar malformations were computed based on the total number of malformations expected in a cohort of the same size as the actual cohort according to the rules described above.
The risk of a similar or dissimilar malformation was studied within each cohort and the odds ratios associated with changes in any of the putative factors were estimated in a logistic regression model, using SPSS (24), adjusting for age of the mother at the outcome child, social status of the couple at the time of birth of the index child, and level of specialization of the hospital in which the outcome child was born. Because the Table 1 describes the studied cohorts. The overall risk of having an outcome birth with a malformation was 5.5 percent in the case cohort and 3.0 percent in the reference cohort. The case cohort had a higher frequency of women who changed partner and less upward social mobility between the two births. Table 2 reports the absolute frequencies of each malformation in the index child and the risk of recurrence of a similar anomaly. The recurrence risk was 1.8 percent (n = 155) according to Definition 1 and 2.2 percent (n = 188) according to Definition 2. Table 3 shows that the case cohort had a more than fivefold risk of repeating a similar anomaly compared with the risk expected by chance alone (odds ratio (OR) = 5.4, 95 percent confidence interval (CI) 3.7, 8.6). The overall risk of having a different anomaly, conditional on not having had a similar anomaly, was close to unity (OR = 1.2, 95 percent CI 1.0, 1.4).
RESULTS
The risk of recurrence of a similar anomaly in the case cohort was significantly reduced when the male partner changed between the two pregnancies, as shown in table 4. Couples in the lowest social status group had the highest recurrence risk, and a rise in social status was marginally associated with a reduced risk. The other determinants examined did not modify the recurrence risk. None of the putative risk factors was associated with the risk of a dissimilar anomaly. The same was seen in the reference cohort. Couples who moved outside the major cities had the lowest recurrence risk (OR = 0.69, 95 percent CI 0.30, 1.57).
When the analysis was restricted to the subgroup in the case cohort that comprised women who did not change partner, odds ratios (95 percent CIs) were 0.97 (0.62, 1.53) for change in municipality, 0.66 (0.44, 0.98) in couples with a middle social status, and 0.50 (0.30, 0.82) in couples with a high social status (compared with couples with a low social status at the time • The index child had one defect and the next child had the same defect not accompanied by others, or both sibs had multiple defects, regardless of the diagnoses.
t ICD-8, International Classification of Diseases, 8th Revision; CNS, central nervous system. X Number of index births in each category. § The rates were computed on 25,638 singleton births, constituting a 5% random sample of births to mothers with £2 pregnancies in the study period.
II The totals refer to all defects combined. # OR and 95% Cl were computed on the basis of the expected number of infants with a 'similar" malformation (28) in a cohort of the same size as the actual (8, of the index birth). Downward social mobility was associated with an odds ratio of 1.54 (95 percent Cl 0.84, 2.82) and upward mobility with an odds ratio of 0.64 (95 percent Cl 0.39, 1.06). When this group was further restricted to women who had an interpregnancy interval greater than 8 months, the estimated odds ratios were virtually the same as in the group of all women who did not change partner.
According to Definition 2 of a similar anomaly, the results were virtually the same for both similar and dissimilar anomalies, but hospital level had a slightly lower impact on the recurrence risk of a similar malformation.
DISCUSSION
The applied design rests on the assumption that couples who had an infant with a malformation were, by definition, all susceptible to the outcome and had, at the relevant point in time, all the causal conditions to provoke this outcome (25) . If any of the removed factors was part of the causal field, a reduction in risk in the next pregnancy was expected (20) .
Our findings corroborate the importance of paternal genetic factors in the risk of congenital anomalies (15, 16) , but changing partner had little impact on the risk of having a child with a dissimilar anomaly. Social status at the time of index birth was a rather strong predictor of the recurrence of a similar anomaly, which points toward long-lasting environmental exposures related to life-style factors or occupational exposures. Changing social status upward between the two births was marginally associated with a reduced risk of repeating a similar anomaly. Downward social mobility was associated with an increase in risk, but the confidence interval included the null value. These findings did not appear to depend on partner change, because the estimates did not change when the analysis was restricted to stable couples. The findings were similar in women who did not change partner and who had an interpregnancy interval of more than 8 months.
We did not see any significant influence of changing municipality on the recurrence risk, as observed by Lie et al. (15) , and the lack of effect in our data was even more evident in the subgroup of women who did not change partner between the two births. There could be unknown environmental exposures that cause specific anomalies. However, it is likely that municipality of residency is too crude a measure to be a strong predictor for malformations in general, especially in coun- • All results are adjusted for age of the mother and whether the outcome birth occurred before or after January 1, 1983. For each cohort, one model was fitted with all the listed factors.
t The index child had one anomaly and the next child had the same anomaly not accompanied by other anomalies, or both sibs had multiple anomalies, regardless of the diagnosis.
t Infants wtth dissimilar anomalies were excluded from the analysis. § Infants with similar anomalies were excluded from the analysis. H The reference category was low social status at the Index birth. # The reference category was low degree of specialization of the hospital.
tries with few point sources of severe pollution of air or drinking water. In the reference cohort, none of the studied factors modified the risk of having an infant with a malformation, but data were sparse, as indicated by the wide confidence limits. The low recurrence risk of similar malformations after changing partner speaks in favor of contribution of genetic factors in the etiology of most congenital anomalies. According to Definition 2, the recurrence risk of a similar malformation was 0.6 percent (5/865) in women who changed partner vs. 2.4 percent (180/7,584) in women who did not.
The two definitions of recurrence did not affect the results, although the type of classification based on the 3-digit ICD-8 code might not be the most appropriate, and misclassification of the outcome could also be a problem in our data.
The overall risk of congenital anomalies estimated in the sample available was comparable to that found in Hungary (2). We found a very similar prevalence of cleft palate and lip, and of anomalies of the sexual organs and of the urinary system. However, the risk we found for specific groupings differed for other categories, such as heart defects, central nervous system, and chromosomal abnormalities, although the sample on which we based our estimates was comparatively small. The observed recurrence risk was comparable with previous findings regarding all anomalies combined, anomalies of the sexual organs, limb defects, heart malformations (15), and cleft lip and palate (16, 18) but slightly lower than the risks that have been reported for other types of malformations (15, 19) , but comparisons are complicated by our definition of multiple defects and by the grouping we used. The risk of having a different anomaly was similar to that reported for the more frequent malformations in the study by Lie et al. (15) The true recurrence risk is, however, probably underestimated since only mothers who decided to have and succeeded in having another birth after the index child were enrolled, and we had incomplete information on induced abortions. The 34 induced abortions in the case cohort for which we had information did not, however, differ according to social class. Prenatal care is available to all in Denmark, and prenatal screening is offered free of charge to all women at high risk, and it is unlikely that social status will influence the compliance level. This mechanism could, however, explain our findings only to a small extent, since only a fraction of malformations is sus-ceptible to being prenatally diagnosed, and this was even more so between 1980 and 1992.
Change of male partner substantially reduced the recurrence risk of a similar anomaly, as expected, but it did not have an impact on the risk of a different anomaly. Low social status at recruitment was a relatively strong determinant of the recurrence risk, probably due to life-style factors or occupational exposures.
